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[57] ABSTRACT 
A system and method for automated materials handling 
is disclosed wherein palletized goods are stored and 
retrieved with maximum through-put. This system is 
particularly applicable for pallets of comparatively 
large size. In accordance with this system and method, 
input loads are queued prior to displacement onto a 
continuous conveyor serviced by a plurality of S/R 
machines. The queued loads are metered onto the con 
veyor on a far to near aisle correspondence basis and are 
simultaneously exchanged for output loads at each of 
the aisle locations. The method includes compensation 
for circumstances where outputs exceed inputs and 
where inputs exceed outputs by empty pallet manage 
ment. ' 

4 Claims, 2 Drawing Figures 
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HIGH THROUGH-PUT MATERIALS HANDLING 
SYSTEM AND METHOD 

BACKGROUND 

1. Field of the Invention 
The present invention relates to an automated materi 

als handling system and method for high through-put 
storage and retrieval of goods. 

2. The Prior Art 
Automated materials handling systems are ‘well 

known in the art and typically provide'for storage and 
retrieval of palletized goods. Computer controlled auto 
mated storage systems such as that disclosed in US. Pat. 
No. 4,074,120 have recognized the value and impor 
tance of tracking goods stored so that the goods can be 
retrieved in accordance with a customer's order. The 
tracking is accomplished by identifying the goods at or 
near the input station and then delivering the goods to 
the pickup station for pickup and storage by the stora 
ge/ retrieval (S/R machines). 

It is also known to permit S/R machines to obtain 
input loads from a conveyor which transports the load 
in front of the storage array for pickup by: the S/R 
machines. In accordance with this last mentioned 
method, palletized goods are conveyed in seriatim in 
front of the storage warehouse and as the goods ap 
proach a conveyor transfer pickup station, each load is 
detained sufficiently long at the conveyor transfer 
pickup station for it to be removed from the conveyor. 
The load is then picked up, transferred by the S/R 
machine to a pre-assigned storage address and there 
stored for later retrieval upon command. 
Inasmuch as a plurality of loads are typically simulta 

neously conveyed along the conveyor adjacent the high 
rise storage, care must be taken to assure ‘that there is 
sufficient space between the pallets so that the second 
pallet will not catch up with the ?rst pallet while the 
?rst pallet is being detained for transfer to the pickup 
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station for pickup by the S/ R machine. For example, if 40 
the conveyor transfer time is, for example, l0 seconds, 
an interpallet spacing of about 15 feet is required if the 
conveyor rate is sixty feet per minute. One of the criti 
cal features in determining the spacing between the 
loads is the time necessary to transfer the load from the 
conveyor to the pickup location for the S/ R machine. 
Once the minimum transfer time has been established, it 
has historically been possible to space each load from 
the other a suf?cient distance that the ?rst load has time 
to clear before the second load arrives. ' 
While this prior art technique has worked acceptably 

on standard pallet sizes of approximately four feet 
square, enormous problems have resulted for pallets 
which are considerably larger. For example, a high rise 
storage system with conveyor input and output was 
designed for staging automobiles at the output of an 
automobile manufacturing assembly line. The automo 
biles are placed on a pallet 12 feet by 22 feet in size. The 
pallets were conveyed along a chain-driven conveyor at 
60 feet per minute at spacings .of. 30 feet. Conveyor 
transfer cycle times were calculated to‘ be 35 seconds 
and the S/R machines were constructed to have dual 
cycle times of 160 seconds and single cycle times of 101 
seconds. Assuming ?ve storage. aisles in the. high rise 
storage facility, given the foregoing parameters, the 
system should yield a total capacity of 110 to 125 loads 
per hour. Operated in accordance with the prior art 
techniques set forth above, it was discovered that. the 
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2 
enlarged pallets frequently came into close encounter 
with preceding pallets engaged in transfer to the S/R 
machines. The close encounter resulted in a conveyor 
stop delaying the free flow of pallets and materially 
adversely affecting through-put. Actual through-put 
was found to be as low as 30 loads per hour. To space 
the loads ‘farther apart, while potentially reducing de 
lays due to conveyor stoppage, would clearly adversely 
affect the total through-put capacity of the system. 

In ‘accordance with prior art techniques, one possible 
solution to the problem is to provide a separate con 
veyor and associated drive for each separate aisle of the 
high rise storageIClearly, however, separate conveyors 
andldri'ves are extremely expensive and serve to further 
complicate the automated storage system. 

‘BRIEF SUMMARY AND OBJECTS OF THE 
' ' I ' INVENTION 

7 Thepresent invention comprises an automated high 
rise materials handling system and method for materi 
ally improving load through-put by pre-assigning a far 
to near aisle-load assignment and simultaneously ex 
changing input loads and output loads at each aisle. The 
system is constructed so as to automatically provide for 
empty paliet management by assuring that every input 
station and every output station is ?lled with a pallet, 
whether full or empty, at every transfer. 

Accordingly, it is primary object of the present in 
vention to provide a novel materials handling system 
for improving load through-put. 

It is another primary object of the present invention 
to provide an improved method for increasing the ef? 
ciency of an automated materials handling system hav 
ing a plurality of S/R machines servicing a single con 
tinuous conveyor. ' 

It is another object of the present invention to pro— 
vide an'improved system and method for queuing loads 
and metering the loads onto a conveyor serviced by a 
plurality of S/R machines for maximum through put. 
Another valuable object of the present invention is to 

provide an improved system and method for accommo 
dating’maximum system ef?ciency when outputs ex 
ce'jed inputs and when inputs exceed outputs. 
" These and other, objects and features of the present 
invention will become more fully apparent from the 
following description'and appended claims taken in 
conjunction with ‘the ‘accompanying drawings. 

' BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. '1 is a schematic perspective of a preferred sys 
tem embodiment of the invention. 
FIG. 2 diagramatically represents the steps in the 

flow of goods into and out of the system of FIG‘. 1. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Reference is now made to FIG. I which illustrates 
onepresently preferred embodiment of the invention. 
As illustrated in FIG. 1, a high rise storage warehouse 
20 comprises anarray of storage bays 22-30. The stor 
age bays 22-30 are separated by ?ve parallel aisles 1-5. 
Clearly,‘ while only five storage aisles are illustrated in 
FIG. 1, any suitable number of storage aisles and stor 
age bin assemblies’could be used. The storage bin assem 
blies 22-30 are typically constructed of metal rack 
whichopen into the corresponding aisles 1-5. 
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Each aisle is provided with a computer controlled 
storage/retrieval (S/R) machine 40, only one of which 
is illustrated in FIG. 1. The S/R machine 40 illustrated 
in aisle 1 of FIG. 1 is typical of all other S/R machines 
in the corresponding aisles 2-5. There are a number of 
S/ R machine con?gurations which could be used with 
the present invention and the S/Rmachine con?gura 
tion, per se, does not constitute part .of the present. in 
vention. - I _ 

While the system embodiment illustrated in FIG. 1 
could be used to vhandle a wide variety of unit load 
goods, for convenience, the system will be described in 
connection with ‘automobile storage and retrieval. Au 
tomobiles e.g. 42,'fresh from the assembly line,'enters 
the system at 44 and is driven ontola typical _pall'et_'46l 
The pallet 46 is constructed of metal and has dimensions 
of approximately 12 feet>(3.6 meters)‘by.22 ‘feet (6.6 
meters). The pallet 46 hasibeen previously placed in the 
pallet queue generally designated 48. The pallet queue 
48 is part of an elongated, essentially continuous con 
veyor 52 which runs essentially perpendicular to aisles 
1-5. Conveyor 52 is preferably ‘a ‘chain-driven con 
veyor. When the pallets 46 reach the pallet queue area 
48,‘ platform 49 raises each'pallet 46 off the moving 
chains and holds the pallet in position for on-loading. 
Platform 49 is preferably an air-driven pop-up section 
which engages the bottom of pallets 46. However, plat 
form 49 may be raised'and lowered by any one of a 
number of conventional devices such as, for example, a 
hydraulic ram or electric motor drive. - Y 

The high rise storage system is- also provided with a 
second essentially continuous conveyor 54, conveyor 
54 running essentially parallel to conveyor 52 and being 

_ similarly generally perpendicular to aisles 1-5.- Con 
veyor 54 is preferably a ‘chain-driven conveyor. Con 
veyor 54 is divided into three sections identi?ed from 
right to left of FIG. 1 as the input queue,56, transfer 
area 58 and output queue 60. Conveyor 52_and con 
veyor 54 are connected at the input end by conveyor 62 
andat the output endby conveyor 64. Conveyors .62 
and 64 preferably chain-driven live roller conveyors. 

It is pointed out that all of the queue areas including 
the empty pallet queue 48, theinput queue 56 and the 
output queue 60 arerprovided with conventionaLair 
driven pop-up sections, like platform 49 described 
above, that raise the pallets off the moving chains until 
de-energized, whereupon thepallets are placed back on 
the moving chains for displacement by the conveyor. 

In accordance with the illustratedembodiment of the 
invention,~the automobile 42 is placed on the .pallet 46 
while pallet 46 is held in the on-loading position by 
platform 49, and a description thereof enteredulat the 
computer terminal 50. ' 
Each automobile delivered to the high-rise storage 

system is provided with a pre-printed tag exhibiting the 
Vehicle Identi?cation Numbers (VIN). The VIN, desti 
nation and other pertinent data will be entered into a 
Central Processing Unit (CPU) 41 at the time of assem 
bly. When the automobile 42 is placed on pallet" 46, the 
vehicle will be identi?ed using a conventional laser 
scanner which will read the VIN from the p‘re-printed 
tag. After the automobile has been driven onto pa'llet~46, 
the driver presses a button at terminal 50 which releases 
the automobile to the input conveyor syste’m'under 
direction of the control system in the CPU 41; 

Thereafter, the pallet 46 is lowered onto the continu 
ously moving conveyor 52 and displaced ?rst to parallel 
conveyor 62 and thereafter'is displaced onto conveyor 
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4 
54 at the input queue 56. As illustrated in FIG. 1, loaded 
pallets 70 and 72 are illustrated in the queued position 
and loaded pallet 74 is moving into the queued position. 
According to the present invention, loaded pallet 70 

will not be released onto the conveyor 54 for displace 
ment into the transfer area 58 until the number of pallets 
in the input queue 56 equals the number of aisles in the 
high rise storage system (i.e. 5?ve in the illustrated em 
bodiment). During times of low input requirements, one 
or more empty pallets 46 may be queued up in the queue 
as a result of the operation of 'platform49 of pallet queue 
48 previously described and, thus, empty pallets 46 may 
be transferred- to the input queue 56 in lieu of loaded 
pallets. 1 f V _ 

When the queue 56 is ?lled with ?ve pallets (either 
loaded or unloaded), the pallets are metered onto the 
conveyor 54v at intervals which essentially correspond 
to the distance between aisles. Note that the distance 
between the pallets is not controlled by the speed of any 
transfer machanism or by the speed of the S/ R machine 
40 and is not dependent upon the speed of conveyor 54. 
The metering sequence is best understood by refer 

ence to FIG. 2 which schematically illustrates the 
movement of pallets from the input queue 56 to the 
transfer portion 58 of the conveyor 54. ' 
With continued reference to FIG. 2, ?ve pallets are 

illustrated schematically in the input queue 56. The 
loads are numbered 1-5 convenience. The transfer sec 
tion 58 of the conveyor is illustrated immediately adja 
cent the S/R pickup stations 32-36 and the S/ R deposit 
stations 80-84. Secondary deposit stations 85-89 are 
also schematically illustrated. ' ' 

The loads are metered in accordance with the steps 
illustrated in FIG. 2. As illustrated in step A, the ?ve 
loads are queued in the input queue 56 and all output 
stations 80-89 are ?lled. In step B, load-5 is released and 
permitted to progress along the conveyor section 58. As 
soon as'load 5 has traveled essentially the distance be 
tween‘aisle l'and aisle 2, load 4 is released .as illustrated 
in step C. Similarly, when load 4 has traveled essentially 
the distance between aisles 1 and 2, load 3 is released as 
illustrated in step D and so on until each of the loads is 
carried simultaneously on the conveyor segment 58 as 
illustrated in step F.vThe metering of each load is ac 
complished by a metering device, schematiclly illus 
trated at 94. Metering device 94 maybe one ‘of any 
number of conventional devices for metering the input 
loads 1-5 at spaced intervals. For example, metering 
device 94 may be a photo-detector placed to detect the 
passing input loads and to release thenext load or it may 
bean ultra-sonic distance measuring device positioned 
to detect the distance each load travels so as to release 
the following load at appropriate intervals. When loads 
l-5 are aligned with the corresponding input stations 
32-36,'all'of the ?ve loads are simultaneously taken 
from the conveyor 58 and transferred to the corre 
sponding input stations 32-36 by chain driven, live rol 
ler conveyors 100-104. s 

As illustrated in‘ Step G of FIG. 2, at the same time as 
the ?ve input loads‘are'taken from conveyor 58 and 
transferred to the corresponding input stations 32-36 by 
the roller conveyors 100-104, output loads are taken 
from output stations 80-84 and transferred to conveyor 
58 by conveyors 105-108, which results in'essentially 
simultaneous exchange'of input and output loads both 
to and from the conveyor 58. In accordance with the 
preferred embodiments of the invention, the conveyor 
58 may be stopped long enough to permit the transfer of 
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the loads to take place. However, it is presently pre 
ferred that air-driven pop-up squaring stop sections 
hold the pallets at the transfer location awaiting transfer 
engagement from the moving conveyor to the pickup 
station as described in order to keep the conveyor 54 
continuously operating. If desired, a load straightener 
may be utilized in connection with the pop-up sections 
to assure alignment of the load for transfer. 
With respect to the system and method described in 

connection with FIG. 2, it is particularly pointed out 
that the loads 1-5 are given pre-assigned aisle locations, 
far to near. Accordingly, random access of passing 
pallets is avoided along with the corresponding neces 
sity of spacing the pallets sufficient distance to prevent 
close encounters during transfer time. Moreover, the 
simultaneous exchange of input and output pallets as 
illustrated in step G of FIG. 2 facilitates an essentially 
continuous operation with minimum spacing between 
pallets 1-5. Accordingly, maximum through-put is 
achieved even though transfer times onto andtoff of the 
conveyor 54 are long compared to the rate of travel of 
loads along the conveyor section 58. 
Dual output stations 80-89 are illustrated in the pre 

ferred embodiments illustrated in FIGS. 1 and 2. While 
single output stations could be used, the dual output 
station has proven more effective in that an output load 
is always in the “ready” position for exchange with an 
input load on conveyor 58 even if the S/R machine has 
been delayed in retrieving the output load from storage. 
The described system and method is equally effective 

whether input requirements exceed output require 
ments or vice versa. Note, for example, if input require 
ments exceed output requirements, the loads 1-5 illus 
trated in FIG. 2 will contain automobiles such as those 
illustrated at 70, 72 and 74 illustrated in FIG. 1. How 
ever, during periods of low output requirements, the 
CPU 41 causes the S/ R machine 40 to fetch one or more 
empty pallets previously stored in storage bin assem 
blies 22-30 so that a pallet is provided at each of output 
stations 80-84 so that a transfer may take place. Hence, 
the output loads at output deposit stations 80—84 and 
secondary deposit stations 85-89 may include one or 
more empty pallets. Because a pallet is exchanged at 
each step G as illustrated in FIG. 2, whether loaded or 
empty, continuous movement of material is assured. 
On the other hand, if output requirements should 

exceed input requirements, the loads 1-5 (FIG. 2) in the 
queue section 56 may include one or more empty pal 
lets, such as pallet 46 illustrated in FIG. 1. At the same 
time, the output loads at each of deposit stations 80-89 
will all include automobiles such as 76 and 78 illustrated 
in FIG. 1. 
The output loads are conveyed by the transfer section 

58 of the conveyor to the output queue section 60 (see 
FIG. 1) wherein the loads are removed. In the illus 
trated embodiment, automobiles are driven off the cor 
responding pallet and discharged from the system at 90 
for shipment by rail or truck. The empty pallet is then 
taken via conveyor 64. to conveyor 52 and returned to 
the empty pallet queue 48. 
From the foregoing, it can be appreciated that the 

described system and method accomodates maximum 
through-put of goods without requiring alteration of the 
spacing of the loads depending upon the speed of the 
transfer mechanism from the continuous moving con 
veyor to the S/R machine input station that might oth 
erwise occur as a result of the large pallet sizes. More 
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6 
over, the maximized through-put can be obtained inde 
pendent of whether input requirements exceed output 
requirements or whether output requirements exceed 
input requirements. Furthermore, for any number n of 
storage aisles, a corresponding number n of loads may 
be queued at the input staging area and assigned a par 
ticular storage aisle on a far to near correspondence. 
Synchronized off-load and on-load of the goods onto 
the single conveyor permits efficient use of the system 
without the expense and complication of multiple con 
veyor inputs. 
The invention may be embodied in other specific 

forms without departing from its spirit or essential char 
acteristics. The described embodiments are to be con 
sidered in all respects only as illustrative and not restric 
tive and the scope of the invention is, therefore, indi 
cated by the appended claims rather than by the forego 
ing description. All changes which come within the 
meaning and range of equivalency of the claims are to 
be embraced within their scope. 
What is claimed and desired to be secured by U.S. 

Letters Patent is: 
1. A method for increasing the through-put of an 

automated materials handling system having a storage 
array comprising n aisles separating high rise storage 
bins, and S/R machine displaceable along the aisles and 
a pick up and a deposit station associated with each 
aisle, the method comprising the steps of: 

queuing 11 input loads at the inlet side of an elongated 
conveyor; 

assigning a storage address to the 11 input loads, which 
storage address is determined by a far to near aisle 
section sequentially applied to the n loads in the 
queue; 

metering the u loads at spaced intervals onto the 
conveyor means, the spacing generally corre 
sponding to the space between aisles such that the 
?rst input load traverses the distance of the storage 
array to the nth aisle and the second input load 
traverses the distance of the storage array to the 
n-1 aisle, the third input load to the n-2 aisle and so 
on, the last input load metered corresponding to 
the ?rst aisle of the storage array; 

essentially simultaneously exchanging input loads for 
output loads at said conveyor; and 

queuing the output loads at the outlet end of the 
conveyor means. 

2. A method for increasing the through-put of an 
automated materials handling system as de?ned in claim 
1 wherein said step of essentially simultaneously ex 
changing input loads for output loads comprise transfer 
ring the input loads from the conveyor to the pick up 
stations and transferring the output loads from the de 
posit stations to the conveyor. 

3. A method for increasing the through-put of an 
automated materials handling system as defined in claim 
2 wherein said step of essentially simultaneously ex 
changing input loads for output loads is preceded by the 
step of providing it previously stored output loads at the 
deposit stations. 

4. A method for increasing the through-put of an 
automated materials handling system as de?ned in claim 
3 wherein said step of queuing the output loads at the 
outlet end of the conveyor is preceded by the step of 
transferring the input loads from the pick up stations to 
one of the storage bins by means of the S/R machines. 

* * * is =l= 
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